BACKGROUND: Physical activity and adiposity are important predictors of mortality, even in older individuals. However, it is unclear how much physical activity is needed to prevent weight gain in older persons. PURPOSE: To examine the associations of different amounts of physical activity with weight gain prevention in older men. METHODS: A total of 5973 healthy men (mean age, 65.0 years) from the Harvard Alumni Health Study were followed from 1988 to 1998. At baseline (1988), in 1993 and 1998, men reported their recreational physical activity and body weight. Physical activity was categorized as: o7.5 metabolic equivalent (MET)-h per week (7.5 MET-h per week corresponds to the minimum required by the 2008 US federal guidelines), 7.5 to o21 MET-h per week (21 MET-h per week corresponds to the 2002 Institute of Medicine (IOM) guideline) and X21 MET-h per week. Meaningful weight gain was defined as an increase of X3% of body weight. RESULTS: Overall, weight tended to be stable over any 5-year period; mean change, À0.08 (s.d. ¼ 4.44) kg. However, B21% of men experienced meaningful weight gain over any 5-year period. In multivariate analyses, compared with men expending X21 MET-h per week, those expending 7.5 to o21 MET-h per week had an odds ratio (OR) of 1.35 (95% confidence interval: 1.03, 1.77) for meaningful weight gain, and men expending o7.5 MET-h per week, an OR of 1.16 (1.01, 1.33; P trend ¼ 0.09). CONCLUSIONS: Among older men, those with lesser levels of physical activity were more likely to gain weight than men satisfying the 2002 IOM guidelines of X21 MET-h per week (B60 min day À1 of moderate-intensity physical activity).
INTRODUCTION
Adiposity remains a significant public health problem; in 2008, 68% of adults in the United States were overweight (body mass index (BMI) X25 kg m
À2
) or obese (BMI X30 kg m À2 ). Its prevalence increases with age, as 78% of men and 69% of women over the age of 60 years are overweight or obese. 1 This is of concern because adiposity is associated with higher mortality rates, including in older individuals. 2 Studies have demonstrated the beneficial health effects of reducing excessive body weight by dietary and physical activity interventions, pharmacotherapy and bariatric surgery. 3 --7 Particularly with lifestyle interventions and pharmacotherapy many individuals do not maintain the weight lost. 8 Thus, focusing on the prevention of weight gain may be a more proactive approach than focusing solely on losing weight and maintaining that loss. However, few data are available regarding the prevention of weight gain, compared with data on reducing weight. 9 Physical activity is an important part of weight management. 5, 10, 11 In 2008, the federal government recommended at least 150 min of moderate-intensity physical activity a week for health benefits. 12 Although this level of physical activity clearly is associated with reduced risks of premature mortality and chronic diseases, it is less certain whether it is sufficient to prevent weight gain. 13, 14 Thus, this study aims to examine the associations of different amounts of physical activity, defined using prevailing guidelines, with the prevention of subsequent weight gain in older men over a period of 10 years.
MATERIALS AND METHODS

Study participants
Subjects were from the Harvard Alumni Health Study, an ongoing prospective cohort study of men matriculating at Harvard University between 1916 and 1950. 15 Beginning in 1962, men completed health questionnaires periodically that queried subjects on sociodemographic characteristics, health habits, and personal and family medical history. For this study, 12 805 men who returned a health questionnaire in 1988 were eligible. We then applied the following exclusion criteria: we excluded 611 men with missing information on physical activity, weight, or height in 1988, leaving 12 194 men. We further excluded 5258 men who developed cardiovascular disease (CVD) or cancer before the end of follow-up for this study in 1998 to minimize bias from changes in physical activity or weight resulting from poor health. Of the remaining 6936 eligible men, 5973 men (86.1%) provided follow-up weight in 1993 and/or 1998 and comprised the baseline population for this study.
Assessment of physical activity
In 1988 and 1993, men reported the number of flights of stairs climbed, blocks walked, and frequency and duration spent in sports/recreational activities. By summing the average energy expenditure for each of these activities in metabolic equivalent (MET) hours per week, 16 we estimated the total energy expended. This physical activity questionnaire has been extensively tested for reliability and validity, including against doubly labeled water (Spearman's r ¼ 0.67 for recreational activities), 15 and test --retest correlations of 0.7 --0.8 have been obtained over 4 weeks. 17, 18 We classified men into three categories of physical activity, o7.5, 7.5 to o21 and X21 MET-h per week, based on the most current 2008 US federal physical activity guidelines (150 min per week of moderate-intensity activity, equivalent to 7.5 MET-h per week 12 )---and the amount recommended by a 2002 Institute of Medicine (IOM) report that specifically focused on weight control and obesity prevention (60 min day À1 of moderate-intensity activity, or 21 MET-h per week) 19 , although the basis for this amount has been questioned. 13 Assessment of weight and other variables Weight was self-reported at baseline in 1988, and again in 1993 and 1998. We defined meaningful weight gain to be an increase of X3% of body weight 20 assessed over any 5-year period (1988 --1993, or 1993 --1998 
Statistical analysis
We compared the baseline characteristics of men across the three categories of physical activity. We then examined prospective changes in weight, according to physical activity category, updated over time, using repeated measures linear regression to account for the correlation of within-person repeated observations. We next examined the odds ratios (OR) of meaningful weight gain associated with the three categories of physical activity on weight gain, also using repeated measures logistic regression. Three nested models were used: Model 1 adjusted for age, height and baseline weight (all continuous variables); Model 2 further adjusted for smoking status (never, former or current), alcohol consumption (never, 1 --3 times per week, 4 --6 times per week, or daily), vegetable intake o1, 1 to 2, or X3 servings per day), fruit intake (o1, 1 to 2, or X3 servings per day), saturated fat intake (quartiles) and total caloric intake (quartiles); and Model 3 additionally included diabetes, hypertension and high cholesterol (all no or yes).
We then investigated whether the associations of physical activity with meaningful weight gain differed by age, BMI and smoking, using Model 2 for these analyses and testing for interactions using categorical variables. Age categories were selected to ensure a reasonable number of men in each group, and BMI categories were based on standard cutpoints. 21 Although we tried to minimize bias from changes in physical activity and weight due to ill health by excluding men with cardiovascular disease and cancer, there may have remained men with other illnesses. Thus, we conducted sensitivity analyses by including only men who did not lose 45% of body weight over any 5-year period (n ¼ 5287). We also repeated analyses using an alternate definition of meaningful weight gain, X2.3 kg (5 lb). 5 Statistical analyses were conducted using SAS version 9.2 (SAS Institute Inc., Cary, NC, USA).
RESULTS
At baseline, 24.5% of the men expended o7.5 MET-h per week in physical activity, 27.5% expended 7.5 to o21 MET-h per week and 48.0% expended X21 MET-h per week. The mean age at baseline was 65.0 years. Age, height, total caloric intake and history of hypertension were similar across baseline physical activity levels (Table 1) . Weight, BMI, current smoking, history of diabetes and history of hypertension were inversely related to physical activity level, while alcohol, vegetable and fruit consumption increased with activity level. The total caloric intake was similar across activity levels, but less active men expending o7.5 MET-h per week consumed more saturated fat than more active men.
Among all men, weight tended to be stable over each 5-year period, with a mean change of À0.08 (s.d. ¼ 4.44) kg. However, 21.1% of men (n ¼ 1167 of 5527 men) had meaningful weight gain (X3% body weight) between 1988 and 1993, as did 20.6% (n ¼ 721 of 3508 men) between 1993 and 1998. We prospectively examined weight gain over time by physical activity level, allowing physical activity to be updated over time (Table 2) . Compared with men expending X21 MET-h per week, men expending 7.5 to o21 MET-h per week gained 0.04 (s.d. ¼ 0.11) kg (P ¼ 0.71), adjusting for age, height, baseline weight, smoking status, alcohol consumption and the intake of vegetables, fruit, saturated fat, and total calories. For men expending o7.5 MET-h per week, the men lost 0.18 (s.d. ¼ 0.14) kg (P ¼ 0.21). Adding physician-diagnosed diabetes, hypertension and high cholesterol to the analytic model resulted in very similar findings. The association of physical activity with weight gain did not differ by age (P interaction ¼ 0.42), BMI (P interaction ¼ 0.62) or smoking status (P interaction ¼ 0.49). Table 3 shows the odds of meaningful weight gain (X3% of body weight) over any 5 years according to time-varying physical activity level. In multivariate analyses that controlled for height, An expenditure of 7.5 MET-h per week is equivalent to 150 min per week of moderate-intensity physical activity, the minimum recommended by the federal government; 21 MET-h per week is equivalent to 60 min per day (420 min per week) of moderate-intensity physical activity, recommended by the Institute of Medicine. Meaningful weight gain is defined as X3% body weight; odds ratio (95% confidence interval) is compared with the reference group; adjusted for age, height, baseline weight, smoking status, total caloric intake, saturated fat intake, vegetable intake, fruit intake and alcohol consumption.
b An expenditure of 7.5 MET-h per week is equivalent to 150 min per week of moderate-intensity physical activity, the minimum recommended by the federal government; 21 MET-h per week is equivalent to 60 min per day (420 min per week) of moderateintensity physical activity, recommended by the Institute of Medicine. c Model 1 is adjusted for age, height and baseline weight. Model 2 is further adjusted for smoking status, vegetable intake, fruit intake, total caloric intake, saturated fat intake and alcohol consumption. Model 3 is additionally adjusted for diabetes, high cholesterol and hypertension. Stratified analyses use Model 2.
baseline weight, age, smoking status, alcohol consumption and the intake of vegetables, fruit, saturated fat, and total calories, compared with men expending X21 MET h per week, men expending 7.5 to o21 MET-h per week had an OR of 1.35 (95% confidence interval: 1.03, 1.77) for meaningful weight gain and men expending o7.5 MET-h per week had an OR of 1.16 (1.01, 1.33; P trend ¼ 0.09). Although the relation appeared to be U shaped, there was no significant difference in the odds of meaningful weight gain comparing men in the two lowest activity categories (P ¼ 0.34).
Although no statistically significant interaction by BMI was observed (P interaction ¼ 0.69), there appeared to be a stronger association between physical activity and meaningful weight gain in men with BMI o25 kg m In sensitivity analyses, limited to men who did not lose 45% of body weight during any 5 years in order to minimize bias from ill health, the association between lower physical activity levels and increased odds of meaningful weight gain was stronger, compared with the whole-study population. Compared with men expending X21 MET-h per week, men expending 7.5 to o21 MET-h per week had an OR of 1.51 (1.13, 2.07) for meaningful weight gain and men expending o7.5 MET-h per week, an OR of 1.23 (1.06, 1.42; P trend ¼ 0.02). As before, no significant differences by age (P interaction ¼ 0.37), BMI (P interaction ¼ 0.36) or smoking status (P interaction ¼ 0.44) were observed.
A total of 2259 men (37.8%) were identified as successfully having maintained normal weight; defined as men possessing a normal BMI (o25.0 kg m À2 ) at baseline (1988), 1993, and 1998, and who gained o3% of body weight over any 5-year period. Their median activity levels were 22.2 and 32.7 MET-h per week, respectively, in 1988 and 1993, with an overall median level of 25.3 MET-h per week during the entire follow-up period, equivalent to B70 min a day of moderate-intensity physical activity.
DISCUSSION
In this cohort of older men, average weight remained stable over 10 years of follow-up; however, about one-fifth of men gained a meaningful amount of body weight (X3%) 20 over any 5-year period. Meaningful weight gain was inversely related to physical activity level, as men with lower levels of physical activity were more likely to gain X3% of body weight over any 5-year period than men satisfying the 2002 IOM guideline of X21 MET-h per week (B60 min per day of moderate-intensity physical activity). In addition, normal weight men who successfully maintained normal weight with no meaningful weight gain over the 10 years of follow-up expended a median of 25.3 MET-h per week, or B70 min a day of moderate-intensity physical activity. This amount exceeds the minimum recommended by the 2008 federal guidelines, which focus on overall health, but is more in line with the IOM guideline for preventing weight gain. 19 These findings suggest that physical activity has a modest but potentially important role in weight control among older men. 5, 10, 20 Although there is a large body of literature on weight loss among those already overweight and obese, few studies have quantified how much physical activity is needed to maintain healthy weight over the long term. 5,20,22 --24 The Physical Activity Guidelines Advisory Committee report, which provided the scientific basis for the 2008 federal physical activity guidelines, noted that although clear evidence of a dose --response relationship between physical activity and weight loss is present, data on long-term weight stability are sparse. 24 Existing data on weight stability come primarily from short-term clinical trials in which weight was not the primary outcome. In such studies, 13 --26 METh per week were needed for weight maintenance over 8 --16 months. 24 Our data are congruent with higher end of this range for 10-year weight maintenance.
The present findings are similar to those among middle aged and older women of the Women's Health Study (mean age, 54 years), in which women who maintained their weight over 13 years of follow-up participated in an average of 60 min per day of moderate-intensity physical activity. 5 Previous studies in younger individuals have also emphasized how high levels of physical activity may blunt weight gain. In the CARDIA study, 18-to 30-year-old men who maintained higher physical activity levels (X608 exercise units, with 300 exercise units equated to B150 min per week of moderate-intensity activity) gained 2.6 fewer kg per year over 20 years compared with men with lower activity (o340 exercise units), while women maintaining higher activity levels (X398 exercise units) gained 6.1 kg less per year over the same period compared with women with lower activity (o192 exercise units). 22 Ascertaining the amount of physical activity to prevent initial weight gain is important because once overweight, many people are unable to maintain non-surgical post-intervention weight loss 25 and remain overweight. In a study of 1869 overweight/ obese African-American and white men and women who had lost X5% of their weight, 66% subsequently did not sustain 75% of their weight loss over a 5-year period. 26 In addition to increasing risks for chronic diseases, physical inactivity and obesity are associated with decreased physical function in older adults. 27, 28 In a recent 1-year clinical trial of 107 obese adults aged X65 years who were randomly assigned to a control group, a weightmanagement (diet) group, an exercise group or a weight management plus exercise (diet exercise) group, Villareal et al. 28 showed that those assigned to a combination of diet and exercise had a greater increase in physical performance compared with diet or exercise alone; however, those assigned to exercise alone also improved their physical performance compared with the control group (Po0.001 for both comparisons).
Strengths of this study include a large number of older men with a decade of follow-up and multiple assessments of detailed physical activity and weight that allow for the quantification and translation to clinical and public health recommendations. Previous studies with less detailed physical activity assessments are unable to determine the specific amount associated with less weight gain. In addition, potentially important confounders such as smoking and diet were controlled for; and information on nondietary confounders was updated over time.
This study was limited by having a self-reported assessment of physical activity. However, the questionnaire used has been extensively tested for reliability and validity. 15, 17, 18 Studies using this questionnaire have produced the expected inverse associations of physical activity with mortality and cardiovascular disease. 29, 30 Weight was also self-reported, but self-reported body weight has been shown to be highly correlated with measured body weight in older men (r ¼ 0.97). 31 In this study, diet was assessed with a brief 23-item questionnaire, and only at baseline, allowing for the possibility of residual confounding.
We were unable to differentiate between fat-free mass and fat mass for those who lost weight. Physical activity among older men may be attenuating the effects of both muscle loss and the prevention of fat mass gain. Villareal et al. 28 showed that older adults (65 years and older) randomly assigned to (increase?) exercise significantly decreased fat mass (P ¼ 0.004) and increased lean body mass (Po0.0001) compared with the control group.
Among older individuals, physical activity may not be as strongly related to weight loss because of gains in lean body mass. However, we did not observe an interaction with age in this study. Additionally, illness may have resulted both in weight loss and declining physical activity, leading to a spurious relation between physical activity and weight loss. However, this is unlikely as we excluded men with major illnesses. In sensitivity analyses, when we excluded men who had lost 45% of their weight, our observed trends strengthened. We did not have information on diagnoses of injuries and arthritis, which may have limited activity levels. Finally, because subjects in this study were primarily Caucasian, reflecting the racial composition of the Harvard University alumni of that period, and of high educational and socioeconomic status, the generalizability of findings may be limited.
In conclusion, older men not satisfying the 2002 IOM guidelines of X21 MET-h per week (B60 min per day (420 min per week) of moderate-intensity physical activity) were more likely to gain weight over a decade of follow-up, compared with those who satisfied the 2002 IOM guidelines. Normal weight men who successfully maintained normal weight and who did not gain meaningful weight over the 10 years of follow-up expended a median of 25.3 MET-h per week, or B70 min a day of moderateintensity physical activity. This exceeds the minimum recommended by the 2008 federal guidelines, which focus on overall health, but is in line with the IOM guidelines for preventing weight gain. 19 Although important for weight control, these finding should not detract from the large body of literature clearly showing that 150 min of moderate-intensity physical activity per week (for example, brisk walking, jogging, biking, dancing and swimming), as recommended by the federal government for all adults including older adults aged X65 years, is sufficient to lower the risks of chronic diseases. 12 
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